Seventeen measured and derived bone-related biochemical variables were determined in 60 postmenopausal women on two occasions from I to 35 months apart. The coefficients of determination (,-2) between the first and second observations were highly significant in respect of all measured and calculated variables except for anion gap, calculated complexed calcium, fasting urinary sodium:creatinine ratio and urinary phosphate:creatinine ratio. The variables with coefficients of determination which ranked highest include plasma alkaline phosphatase, albumin, globulins, calculated ionized calcium and fasting urinary corrected calcium:creatinine and hydroxyproline: creatinine ratios. They also showed marked individuality suggesting that changes within the conventional population based reference range possibly indicate significant physiological changes in metabolism. The critical difference for two results to be significantly different (P < 0,05) was calculated from the total variation for each variable. We conclude that most of the measured and derived bone-related biochemical variables in fasting plasma and urine samples are sufficiently reproducible in postmenopausal women to be clinically and physiologically meaningful but that urinary sodium and phosphate are inconstant and probably dependent on the previous day's dietary intake.
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There are several biochemical variables which are used in the investigation and management of patients with calcium disorders, notably plasma calcium, phosphate and alkaline phosphatase, and the fasting urinary calcium: phosphate: and hydroxyproline:creatinine ratios. I The analytical reproducibility of these variables is normally known within any particular laboratory. Values for the components of variation for a number of them in young and elderly subjects have been reported which indicate that the intraindividual variability is less than the interindividual variability.i" Much of these data have been derived from prospective studies with specimens collected from healthy volunteers and assayed under conditions to minimize analytical variance over periods of 6 months or less. However, a specific study to assess the longitudinal usefulness of biochemical variables for the assessment of bone status in women passing through the Correspondence: Dr H A Morris. 562 menopause suggested that earlier data were of little relevance."
In this study, we have examined the components of variance of these and other variables in paired specimens collected from 60 postmenopausal women over a period of 1-35 months and routinely assay at the time of collection.
MATERIALS AND METHODS
Clinical material and analytical methods Our series comprises 60 postmenopausal women (mean age 63·1 years; range 46-77) in whom bone-related variables were measured 'in plasma and urine on two separate occasions without any intervening therapy.
Most of the women were selected from a survey of 557 volunteers' who, because of a low bone density or marginally elevated alkaline phosphatase or urinary hydroxyproline: creatinine ratio, were invited to attend our out-patient clinic for further tests at the end of the study. A total of 44 accepted this invitation. A further 16 women in this study were routinely referred to our outpatient clinic. The tests were repeated immediately on admission to the ward for further investigation. The median interval between the two tests was 20·5 months (range 1-35). None of the women was on treatment before the first test nor was any treatment given during the intervening period. Cases of Paget's disease, primary hyperparathyroidism and renal failure were excluded.
The procedure for collection of the specimens was that of the '2-hour test'. 1 The subject fasted overnight, discarded the first morning urine, and drank 250 mL of distilled water at 0800 h to ensure urine flow, had a venous blood sample withdrawn at about 0900 h and then provided a urine sample before having anything further to eat or drink. Specimens were analysed by routine procedures immediately on presentation to the laboratory. Plasma calcium, phosphate, alkaline phosphatase, albumin, total protein, sodium, potassium, chloride, creatinine and bicarbonate were measured on the Technicon SMAC II 20channel analyser with computer using recommended reagents. Urine calcium was measured on a centrifugal analyser (Cobas-Bio, Roche) using the method of Connerty and Briggs" modified by monitoring the reaction before and after adding EDTA. Urine creatinine was measured by the Jaffe reaction using a Beckman Astra. Urine hydroxyproline was measured by the method of Bergman and Loxley" and urine sodium by ion specific electrode. Urine phosphate was measured after dilution on the Technicon SMAC II 20-channel analyser.
Total error including inaccuracy of each analytical procedure except urinary hydroxyproline was monitored continuously during the period of the study by an external quality assurance programme (RCPA-AACB General Serum Chemistry Quality Assurance Program and Australasian Urine Quality Assurance Program). 10
Calculations and statistics
Calcium:creatinine (Ca/Cr), sodium:creatinine (Na/Cr) and phosphate:creatinine (P/Cr) are simple molar concentration ratios. Hydroxyproline:creatininc (OPHr/Cr) is expressed for convenience as Jlmol/mmol. Ca/Cr was also corrected for urine sodium (Ca/CrC> by the calculation: using an iterative programme written by W G Robertson" where Alb is plasma albumin in giL, Glob is plasma globulins (giL), AnGap is anion gap (mmol/L) and Bicarb is plasma bicarbonate (mrnol/L). The total variance was divided into the components attributable to analytical, intraindividual and interindividual variance. 12 The analytical variance of each assay was calculated from multiple measurements of one plasma or urine sample performed with each routine assay over 20 months at the time of the study at concentration similar to the mean values reported here.
The analytical variance of the calculated variables was determined as the variance ofmultiple calculations performed with values from each assay. Intraindividual variance was calculated by subtracting the analytical variance from the variance calculated from the two measurements for each subject (variance (s~) = sum [{differenceV/2n] where n is the number of subjects.
Interindividual variance was calculated by subtracting the analytical variance from the variance calculated from the first measurement for each subject. Coefficients of variation were calculated from the square root of the variance divided by the mean and expressed as a percentage.
The index of individuality was calculated by dividing the intraindividual coefficient of variation (CVd by the interindividual coefficient of variation (CV G ) . 13 The magnitude of change in serial results for an individual which is statistically significant ( P < 0,05) is known as the critical difference and was calculated from 2[2(s~)]y This value is valid only when the intraindividual variation is homogeneous for all subjects."
Correlations between first and second measurements are expressed as coefficients of determination (,-2) calculated by simple regression analysis. Statistical calculations were performed in Minitab 6·1 on a personal computer.
RESULTS
The mean values of all measured variables at the first and second visit are shown in Table I . Most of the differences were not significant but there were significant reductions in the plasma total calcium and in the calculated ultrafiltrable, ionized and protein-bound fractions as well as in the globulins, alkaline phosphatase and creatinine at the second visit.
The concordance between the first and second observations as estimated from the coefficient of determination (r 2 ) is also shown in Table I . These coefficients are generally highly significant except for the anion gap, complexed calcium, urinary sodium and urinary phosphate. The highest ,-2 is between the first and second alkaline phosphatase activities. Globulins, corrected urinary calcium, albumin, and urinary hyroxyprolinejcreatinine ratio also rank highly. Examples of significant concordance between the Because the mean values of some variables were significantly lower in the second observation than in the first (Table I) , the difference between each pair of measurements was regressed on the time elapsed between them. There were significant falls with time in plasma Ca (P < 0'001), ultrafiltrable Ca (P < 0'001), complexed Ca (P < 0'001), ionized Ca (P < 0'02), anion gap (P < 0,005) and globulins (P < 0'05). The relevant variabilities were corrected to allow for the time component, using the regression coefficients derived from dependence of the differences on time. Table 2 shows the individual components of the variation for each variable expressed as standard deviation and coefficients of variation (%). Eleven of the 17 variables meet the criterion for c1incially acceptable analytical precision where the CVA is less than half the CV I • J
The indices of individuality and the critical difference for each biochemical variable are presented in Table 3 . Creatinine has the lowest index of individuality and albumin, globulins, alkaline phosphatase, ionized calcium, corrected urinary calcium and urinary hydroxyproline share the lowest rankings.
DISCUSSION
We have shown in a group of 60 postmenopausal women with paired observations up to 3 years apart that there was no significant change with time in the mean values of most of our measured variables. The exceptions were the plasma globulins, creatinine and the alkaline phosphatase, and the plasma calcium and its calculated fractions. The small falls in the latter probably represent an appropriate decline with the time elapsed since the menopause.'
The most important issue, however, is not the constancy of the mean value of a variable but the degree of correlation between the individual first and second observations. This is best described by the coefficient of determination (?) which was highly significant for all the plasma variables except the anion gap and complexed calcium. It was also significant for the urinary calcium: creatinine and hydroxyproline:creatinine ratios. These? values indicate the extent to which the ranking of individuals within the total population distribution remains constant. They describe the fraction of the total variance on the second observation accounted for by the first observation.
On this criterion, the most constant of the plasma variables was the alkaline phosphatase activity closely followed by the concentration of plasma proteins. Of the plasma calcium fractions, the most reproducible was the calculated ionized calcium. The complexed calcium was quite inconstant and the total plasma calcium only weakly reproducible and comparable to the ultrafiltrable calcium and plasma bicarbonate. The protein-bound calcium occupied an intermediate position. Since it is the ionized fraction of the plasma calcium which is under homeostatic control, it is perhaps not surprising that it should be the most constant of the plasma calcium fractions. It seems that, even within the narrow limits of the normal reference interval for total plasma calcium, the ranking of individuals in terms of their ionized calcium tends to remain constant.
The urinary ratios are more variable. The sodium:creatinine and the phosphate:creatinine ratios are not reproducible, presumably because they are largely determined by the previous day's dietary sodium and phosphate intakes.' Calcium and hydroxyproline excretion, on the other hand, show highly significant coefficients of determination between the first and second measurements. It is of considerable interest and impor- tance that the correction of urinary calcium for sodium increases the r 2 values from 0·29 to 0·45, indicating that a significant proportion of the fasting urinary calcium concentration is determined by that of the urinary sodium and is therefore dependent upon the previous day's sodium intake.
We have have also compared the analytical, intraindividual and interindividual variations (expressed as standard deviation and coefficients of variation (%» for each variable. The CV l and CVG calculated from plasma data collected over the extensive period of this study are comparable to those previously calculated from data collected over a much shorter period and analysed in the same batches or on the same day.' Values for the fasting urinary analyses have not previously been published.
Desirable analytical goals for biochemical variables have been defined as those that meet the criterion CVA~0·5 X CV,.J Most of the techniques used in this study meet this criterion with the exeption of the method for plasma creatinine.
It is accepted that if the index of individuality (calculated as CVdCV G ) is less than 0,6, then the use of conventional population based reference ranges is of little value and may be misleading." Conversely these are the variables which retain their individual rankings within the total population variance and consequently are the most sensitive indicators of changes in metabolism when compared with previous values from the same individual. We have found that the variables with an index less than or equal to 0·6 are those with the highest coefficients of determination. Thus analytically significant variations in the plasma concentrations or activities of creatinine, albumin, globulins, alkaline phosphatase and ionized calcium and the fasting urinary corrected calcium:creatinine and hydroxyproline: creatinine ratios, even though they may be within the reference intervals, possibly represent significant physiological changes in metabolism.
These measurements have been used in clinical practice for a number of years and their diagnostic value has been repeatedly confirmed.l-P:" Thus Christiansen et al. 19 found that the fasting urinary calcium and hydroxyproline and serum alkaline phosphatase on one examination correctly identified 79% of 'fast bone losers' and 78% of 'slow bone losers' as assessed by serial bone mineral content measurements by single photon absorption in postmenopausal women.
We have now shown that these clincially valuable variables also have a low index of individuality.
In a somewhat similar study, van Beresteyn et al. 6 concluded that biochemical variables were poor indicators of bone metabolism. This conclusion was based partly on the observation that the interindividual variation was higher than the intraindividual variation. We have confirmed this finding in at least six of the variables examined. Their conclusion was also influenced by the downward trend of some variables with time in postmenopausal women. We have also noted this trend but we attribute it to the passage oftime since the menopause. Van Berestyn et al. did not calculate the coefficients of determination as we have found and therefore failed to observe the significant tendency for the rankings of individuals to remain constant within the group distribution for postmenopausal women. It is this relative constancy which is the most important indicator of the value of these variables, as measured by the routine facilities of a clinical chemistry laboratory in a section of this population at high risk for calcium and bone related disorders. Previous studies have indicated that these variables are suitable for assigning patients to various treatment groups and following their subsequent response." We conclude therefore that these measured and derived bone-related biochemical variables are clinically and physiologically meaningful.
